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(71) _We, THE PLESSEY COMPANY 
LIMITED/ a British Company ~ or ~2~/6G 
Vicarage Lane, Ilford, Essex, do hereby 
declare the invention, for which we pray that 
5 a patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

The invention relates to working fluids for 
10 electrophoretic image reproduction devices. 

According to the invention there is provided 
a working fluid for an electrophoretic image 
reproduction device including a dispersion of 
finely divided particles which exhibit electro- 
15 phoresis, suspended in a suspension medium, 
each of the said particles including a body 
of an inactive organic compound at least par- 
tially surrounded by a layer of a dielectric 
material which is adapted to collect the re- 
20 quired charge for effecting particle transporta- 
tion, wherein the body effects a density match 
between the suspension medium and the said 
particles. 

The said body can be impregnated with a 

25 dye, for example a fluorescent dye, which 
makes the body light reflective and with this 
arrangement the thickness of the dielectric 
layer would be arranged so that the layer is 
light transparent. Alternatively, the dielectric 

30 layer could be rendered light reflective, the 
said body being adapted to effect a density 
match between the suspension medium and 
the particle in both of these arrangements. 
According to a preferred feature of the 

35 invention, a working fluid as outlined in a 
preceding paragraph is provided which also 
includes within the said body a core of a light 
reflective material, the said body being of a 
light transparent material which is adapted to 

40 effect a density match between the suspension 
medium and the particle. The core is prefer- 
ably of magnesium although other suitable 
light reflective materials, for example hexa- 
gonal boron nitride and heavily-doped silicon 
. 45 could be used. Heavily doped silicon being 
silicon in which the Fermi level is degenerate 
due to the presence of impurity doping at 



levels above 10 19 atoms cm"" 3 , (Phys Rev 96 

of a polymer such as poly(acrylonitrile) or 
other crganic compounds. 

The dielectric layer can be of titanium 
dioxide (Ti0 2 ) or other dielectric oxides such 
as SiO s or Ai 2 0 3 or hydrous forms of these 
oxides. 

The foregoing and other features according 
to the invention will be better understood from 
the following description with reference to 
drawings accompanying the Provisional Speci- 
fication, in which: 

FIGURE 1 diagrammatically illustrates an 
electrophoretic image reproduction device in 
a cross-sectional side elevation, 

FIGURE 2 diagrammatically illustrates in 
a cross sectional side elevation the structure 
of the electrophoretic particles of a working 
fluid according to the invention, and 

FIGURE 3 illustrates contours of reflec- 
tivity (at normal incidence) for the interface 
between a semi-infinite sheet of material with 
a refractive index n + ik and poly(acrylo- 
nitrile). 

An electrophoretic image reproduction 
device is diagrammatically illustrated in 
FIGURE 1 of the drawings in a cross-sectional 
side elevation and includes a working fluid 1 
enclosed in a housing 2 consisting of a hollow 
open-ended plastics container 3 closed at each 
end by transparent electrically insulating 
members 4 and 5, for example of glass, poly- 
ester, cellulose acetate, regenerated cellulose 
or polyethylene. Transparent electrodes 6 and 
7, for example, of cuprose oxide or tin oxide, 
are respectively attached to the inner surfaces 
of the members 4 and 5 and are in contact 
with the electrophoretic suspension medium 1. 

The working fluid 1 includes a dispersion 
of finely divided particles lb which exhibit 
electrophoresis, suspended in a suspension 
medium la such as isopropyl alcohol or olive 
oil. The particles lb are shown gready en- 
larged for the sake of clarity but, in practice, 
it is thought that the particles 16 must not 
be greater than 1/10 of the spacing between 
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the electrodes o and 7. n „j r . . 

In operation the electmdes « and 7 are FI^Ee'i'I'KS^v.S?^ 

. * '• dlstn ^ ted u^onnly separate functions in that the particles must 

throughout the suspension medium la. If, for be able to (a\ <:«m»r \iJhl J*v f? 

ample, ft. panicles U are white and me LS th?d n^ Tie ^« StaSdffi 45 

susp^ion medium la is black, the working la and (c) ha." a hS moE wffZ 

fluid 1 wiU, in the absence of an electric field, cum means a hieh zea noSSLl 
appear grey when illuminated by an incan- In a ^Mi^miZjS^t. *. • 

is subjected to a unidirectional electrical field utilising electmphoretic wricks 5 50 

S£di& V3S%S£ sirs i m *• -^ms; 

suspension medium la will be different from A list of materials that mav l*» .iif.hu 

SfctSp r^^ 11 iUustrated in for me core 8 -K^^fateS^SnnS^ 65 

30 f 2h hL aT^S fluid M have a dS less 

^ e dl f ^ reflectance pro- than 3.0, the optical constant n and k rS 

electrophoretic image reproduction device rormuia. 70 

will, under these conditions appear white at (a-o.V 4- k* 

the surface 2a and black at the surface 2b. R = ^ ^ + 

The colour appearing at the surfaces la (n + n,,) 2 + k 8 
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The choice of a material for the core 8 is 
dependent on factors such as availability, ease 
of manufacture and cost. From the list^ of 
materials which is by no means exhaustive, 
the three materials that are easily available 
and ideally suited for the core of the electro- 
phoretic particles lb are magnesium, hexa- 
gonal boron nitride and heavily-doped silicon, 
i.e. silicon in which the Fermi level is 
degenerate due to the presence of impurity 
doping at levels above 10 19 atoms cm" 3 . 

The plastics layer 9 can be of a polymer 
such as poly(acryionitrile) for which n<> = 
1.51 and k 0 = 0. 

FIGURE 3 illustrates contours of reflec- 
tivity (at normal incidence) for the interface 
between a semi-infinite sheet of material with 
a refractive index n + ik and poly(acrylo- 
nitrile). The reflectivity contours for the core 
8/layer 9 construction of FIGURE 2 will be 
somewhat different to the contours of FIGURE 
3, but these contours a reconsidered to be 



adequate for first- order selection. 

It can be seen from FIGURE 3 that, for 
really high values of reflectivity, it is more 
important to have high values of k than of 
n and for this reason the preferred material 
for the core 8 is magnesium. 

In another working fluid according to the 
invention the three-layered structure of 
FIGURE 2 is replaced by a two-layered struc- 
ture, the layer 9 and the core 8 being replaced 
by a single body of an inert polymer or other 
organic compound which is surrounded by the 
dielectric layer 10 of FIGURE 2. 

The function (b) referred to in a preced- 
ing paragraph will be effected by the single 
body of the two-layered structure and the 
function (c) will, as with the structure of 
FIGURE 2, be effected by the dielectric layer. 

In one arrangement of the two-layer struc- 
ture, the single body is impregnated with a 
dye, for example a fluorescent dye which 
makes the body light reflective and thereby 
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adapted to effe&Jie function (a) referred to 
in a preceding paragraph. With this arrange- 
ment the thickness of the dielectric layer would 
be arranged so that the layer is light trans- 
5 parent 

In an alternative arrangement of the two- 
layered structure the function (a) is effected 
by the dielectric layer which would be of a 
thickness that substantially prevents light trans- 

10 mission therethrough. 

The single body of the two-layered struc- 
ture can be of either polyCacryionitrfle), or 
polyethylene, or poly(trimethyipentene). 

IC f Toe. dielectric layer which can be formed 
from titanium dioxide TiOg, or other dielec- 
tric oxides such as Si0 2 , or A1 2 0 3 or hydrous 
forms of these oxides, must be such that suffi- 
cient charge can be collected for effecting 

20 1 tra * ! P? ro Hi°n in the suspension 

20 medium la. It is thought that it may not be 
necessary for the dielectric layer to be formed 
in a continuous layer. 

Since the dielectric layer will be deposited 
on a polymer during the production of the 
particles 14, it will be necessary, during de- 
position of the dielectric layer, to utilise low 
temperature, reactions such as the hydrolysis 
of isopropoxides or chlorides, for example, 

- AlCOQHr), + 3H 2 0 

-» Al(OH) 3 + 3H0QH, 

SiCI, + 2H 2 0 -> Si0 2 + 4HC1 

It is to be understood that the foreeoine 

Ss p T d f h pe?ific r mplss of 

■*<; r u de by way o£ example only and is 
35 ™ p l° be consi dered as a limitation^ irs 

WHAT WE CLAIM IS:— 

I. A working fluid for an electrophoretic 

40 Z! gC t T T°^ 0 ^ device '"eluding a disper- 
w s on of finely divided particles which exhibit 
electrophoresis, suspended in a suspension 
medium, each of the said particles including 
a body of an inactive organic compound at 
4 c Partially surrounded by a layer of a 

dielectric material which is adapted to collect 
the required charge for effecting particle 
transportation, wherein the body effects a 
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density matefkJRweeh the suspension medium 
and the said particles. 

2. A working fluid as claimed in claim 1 50 
wherein the said body is impregnated with a 

dye which makes the said body light reflective 
and wherein the thickness of the dielectric 
layer is arranged so that the layer is light 
transparent. 55 

3. A working fluid as claimed in claim 2 
wherein the dye is a fluorescent dye. 

4. A working fluid as claimed in claim 1 
wherein the dielectric layer is light reflective. 

5. A working fluid as claimed in claim 1 60 
which also includes within the said body a 
core of a light reflective material, the said 
body being of a light transparent material 
which is adapted to effect a density match 
between the suspension medium and the par- 65 
tide. 

6. A working fluid as claimed in claim 5 
wherein the core is of magnesium. 

7. A working fluid as claimed in claim 5 
wherein the core is of either hexagonal boron nn 
nitride or silicon, in which the Fermi level 

ts degenerate due to the presence of impurity 
doping at levels above 10" atoms cm"'. 

8. A working fluid as claimed in any one 

of the preceding claims wherein the said body 7s 
is of either poly(acrylonitrile), or poly- 
ethylene, or poly(trimethylpentene). 

9. A working fluid as claimed in any one 
of the preceding claims wherein the dielectric 
layer is of either Ti0 2 , or Si0 2j or A1 2 0 3 , 80 
or hydrous forms of these oxides. 

10. A working fluid for an electrophoretic 
unage reproduction device as claimed in claim 
5 substantially as hereinbefore described with 
reference to the drawings accompanying the RS 
provisional specification. 

11. A working fluid for an electrophoretic 
image reproduction device as claimed in claims 
1 to 4 substantially as hereinbefore described. 

12. An electrophoretic image reproduction 90 
device which includes a working fluid as 
claimed in any one of the preceding claims. 

R. NICHOLSON, 
Chartered Patent Agent. 
For the Applicants. 
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